METHOD FOR MANUFACTURING ORGANIC MOLECULAR 

DEVICE 



CROSS-REFERENCE TO RELATED APPLICATION 

5 This application claims the benefit of Korean Patent Application No. 

2003-62416 filed on September 6, 2003, the disclosure of which is hereby 
incorporated herein by reference in its entirety. 



BACKGROUND OF THE INVENTION 

10 1 , Field of the Invention 

The present invention relates to a method for manufacturing a 
conductive organic molecular device using organic molecules with a 
conductivity property and, more particularly, to a method for manufacturing a 
nano-scale organic molecular device capable of improving reproducibility of a 

1 5 manufacturing process. 



2. Description of the Related Art 

Generally, a conductive organic molecular device that uses organic 
molecules with a conductive property (or a conductive organic semiconductor) 
20 is manufactured in various methods. As an instance, there is a method using 
self-assembly monolayer as an active layer [see Molecular Nanoelectronics, 
Chapter M, edited by American Scientific Publishers]. In this method, an 
insulating film SiN is formed on an upper and lower surface of a silicon (Si) 
substrate and then a hole with several micrometers diameter is formed in a 
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lower portion of the substrate and the lower insulating film SiN. Also, a 
nano-sized pore is formed in the upper insulating film SiN at the top of the 
hole with an electron beam etching technique. The nano-sized pore takes a 
bowl shape with the opening at the upper edge. Next, a lower electrode is 
5 formed by evaporating a metal from the bottom side to fill the nano-sized pore 
and the substrate is immersed into a solution in which conductive organic 
molecules are dissolved. At this time, the conductive organic molecules are 
self assemble onto an exposed surface of lower electrode in the pore and form 
a highly ordered monolayer. After the conductive organic thin film is formed 

10 on the lower electrode, an upper electrode is formed on the conductive organic 
thin film. At this time, the upper electrode is formed by a method using a 
shadow mask or an ion milling method of depositing a conductive material on 
an entire substrate and then leaving only a portion of the conductive material 
[see Nano-scale molecular-switch devices manufactured by imprint 

15 lithography. Applied Physics Letters, Vol. 82-10, 2003 1610]. 

In the related art as described above, it is required to use dry etching 
equipment such as chemical reactive ion etching (RIE or ICP/RIE) equipment 
in order to form the nano-sized pore. Further, in order to form a clear pore, 
the upper insulating film has to be ion-etched for enough time. At this time, 

20 a residue such as a polymer may remain in the pore, which disturbs adsorption 
of a good quality of conductive organic molecules onto the lower electrode. 
In particular, because most of the conductive organic molecules adsorbed onto 
the lower electrode are damaged by acetone, solvent or the like, a 
photo-etching process cannot be implemented using a photoresist that includes 



the acetone or the solvent, and the like, after the conductive organic molecules 
are adsorbed onto the lower electrode. 

SUMMARY OF THE INVENTION 

5 It is, therefore, an object of the present invention to provide a method 

for manufacturing an organic molecular device that is capable of overcoming 
the aforementioned problem by forming an air-bridge type of an upper 
electrode over a lower electrode using a sacrificial layer, and then forming a 
gap of approximately several nano meter in a part at which the upper electrode 

10 and the lower electrode intersect by removing the sacrificial layer, and 
uniformly adsorbing the conductive organic molecules between the upper 
electrode and the lower electrode of the nano gap. 

The present invention for achieving the object is characterized in that it 
comprises the following steps of: forming a lower electrode on a substrate; 

15 forming a predetermined size of a sacrificial layer pattern on the substrate 
including the lower electrode; forming an upper electrode on the substrate 
including the sacrificial layer pattern; removing the sacrificial layer so that a 
nano gap is formed between the lower electrode and upper electrode; and 
adsorbing conductive organic molecules between the upper electrode and the 

20 lower electrode of the nano gap 

It is characterized in that the lower and upper electrodes are formed by 
the following steps of: forming a polymer pattern using an electron beam 
etching technique; removing metal on the polymer pattern in a liftoff process 
after depositing the metal on the entire upper surface; and removing the 
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polymer pattern. 

It is characterized in that the sacrificial layer pattern is formed in a part 
at which the lower and upper electrodes intersect, and is formed of an organic 
material, an oxide film or metal, which has a selective etching property with 
5 the substrate, the sacrificial layer pattern being formed in a nano-meter 
thickness. 

It is characterized in that the nano gap is formed so that vertical and 
horizontal distances thereof are asymmetric, the horizontal distance being 
larger than the vertical distance. 
10 It is characterized in that the conductive organic molecules are 

adsorbed while the substrate is immersed in a solution in which the conductive 
organic molecules are dissolved, an electric field is applied between the lower 
electrode and the upper electrode on the substrate, and the solution is stirred or 
heated. 

15 It is characterized in that when the conductive organic molecules are 

adsorbed, a current flowing through the lower electrode and the upper 
electrode is sensed so that whether and how much to adsorb is monitored. 

It is characterized in that it further includes a step of passivating an 
exterior with an insulating film after adsorbing the conductive organic 

20 molecules. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A to IF are cross-sectional views for explaining a method for 
manufacturing an organic molecular device according to an embodiment of the 
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present invention; 

Fig. 2 is a construction diagram of a conductive organic molecule 
adsorption device used in the present invention; 

Fig. 3 is a graph representing current change expected while 
5 conductive organic molecules are adsorbed; 

Fig. 4 is a diagram for illustrating a circuit configured for evaluating a 
property of a device onto which conductive organic molecules have been 
adsorbed; 

Fig. 5A is a chemical structure view of conductive organic molecules 
10 dissolved in a solution; and 

Fig. 5B is a structure view showing an arrangement of conductive 
organic molecules adsorbed between an upper electrode and a lower electrode. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Hereinafter, the most preferred embodiment of the present invention 

will be described in detail with reference to the accompanying drawings so 
that an ordinary skilled person in the art implements the present invention 
easily. 

Figs. lA to IF are cross-sectional views for explaining a method for 
20 manufacturing an organic molecular device according to an embodiment of the 
present invention. 

Referring to Fig. lA, in order to prevent a leakage current, a high 
resistive substrate 41 composed of an insulating material such as silicon (Si), 
GaAs, glass, and sapphire (AI2O3) is used. Alternatively, an insulating film 
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42 is formed of a material such as SiOa, SiN, BCB (benzocyclobutemie), and 
SOG (silicon-on-glass) on the substrate 41. An electrode pad (not shown) is 
formed on the insulating film 42 in a peripheral area using a photo etching 
technique and then the entire upper surface is coated with a polymer (PMMA; 
5 not shown). Also, a pattern having a line width of 50nm is formed using an 
electron beam etching technique to expose a portion of the insulating film 42. 
Through the portion of the insulating film 42 a lower electrode will be 
connected to the electrode pad. A Metal layer is deposited on the entire 
upper surface and then the metal on the polymer pattem is removed in a liftoff 

10 process so that the lower electrode 43 is formed on the insulating film 42 of 
the exposed portion. Thereafter, the polymer pattem is removed. 

Because a current level of the organic molecular device using 
conductive organic molecules such as biphenyl thiols and LB 
(Langmuir-Blodgett) film is of approximately several nA or pA, it is very 

15 important to prevent the leakage current into the substrate 41 in order to obtain 
an accurate property of the device. Thus, preferably, the substrate 41 with a 
high resistance is selected, or if it is not available, an insulating film such as 
BCB and SOG is deposited on the substrate 41 in a great thickness to increase 
side resistance. 

20 Referring to Fig. IB, on the entire upper surface, a sacrificial layer 44 

is formed of an organic material, an oxide film, an inorganic thin film, metal 
and the like, each having a selective etching property with the insulating film 
42. 

It is important that the sacrificial layer 44 for forming a nano gap 
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between the lower electrode 43 and the upper electrode 45 is accurately 
deposited in a approximate nano meter thickness. Because accurate 
adjustment of the nano meter thickness is difficult when PECVD (plasma 
enhanced chemical vapor deposition) equipment is used, a technique 
development for such adjustment is necessary. However, preferably, a 
method for depositing a plurality of metal thin films having a selective etching 
property, such as Ti, Pt and Au, will be useful. Further, inorganic material 
thin film deposition equipments such as molecular beam epitaxy (MBE) 
equipment, metal organic chemical vapor epitaxy (MOCVD) equipment and 
the like have an advantage which can accurately adjust a thickness of the thin 
film as less as a mono-layer. Accordingly, they will be advantageous to form 
the sacrificial layer 44 in a sophisticated thickness. 

Referring to Fig. IC, the sacrificial layer 44 is remained only in a 
predetermined area including the lower electrode 43 by using a photo etching 
technique. At this time, the sacrificial layer pattem 44 remains in the form of 
surroimding the lower electrode 43. 

Referring to Fig. ID, the entire upper surface is coated with a polymer 
(PMMA; not shown), and then a polymer pattem with a line width of 50nm is 
formed by an electron beam etching technique to expose the sacrificial layer 
44 and the insulating film 42 of a part on which an upper electrode is formed. 
Next, Metal 45 for the upper electrode is deposited on the entire upper surface 
and then metal on the polymer pattem is removed in a liftoff process such that 
the upper electrode 45 is formed on the sacrificial layer 44 and the insulating 
film 42 of the exposed portion. Thereafter, the polymer pattem is removed. 



At this time, the upper electrode 45 is formed in such a manner that the upper 
electrode 45 intersects the lower electrode 43. 

Referring to Fig. IE, in order to form a nano gap 46 between the upper 
electrode 45 and the lower electrode 43, the sacrificial layer 44 is removed. 
5 The upper electrode 45 is remained in an air-bridge type by removing the 
sacrificial layer 44. 

The sacrificial layer 44 is removed by a selective etching solution 
(buffer oxide etchant). If the substrate 41 is immersed in the selective 
etching solution, only the sacrificial layer 44 is selectively etched. At this 
10 time, a vertical distance between the lower electrode 43 and the upper 
electrode 45, i.e., a thickness of the nano gap 46 and a horizontal distance 
between the upper electrode 45 and the lower electrode 43 are sufficiently 
secured so that the current flows only in a vertical direction or the current does 
not flow into sides. Preferably, the nano gap 46 is formed such that the 
15 vertical distance and the horizontal distance thereof are asymmetric to each 
other, with the horizontal distance being larger than the vertical distance. 

Referring to Fig. IF, if the conductive organic molecule 47 is adsorbed 
between the lower electrode 43 and the upper electrode 45 exposed through 
the nano gap 46, fabrication of the conductive organic molecular device is 
20 completed. The present invention uses an adsorption device configured as in 
Fig. 2 for adsorbing the conductive orgemic molecule 47. 

Fig. 2 illustrates a construction of a device for conductive organic 
molecule adsorption. A Teflon receptacle or a beaker 1 is placed on a plate 
10 capable of being heated and stirred. A solution 2 containing the dissolved 



conductive organic molecules 47 is filled in the beaker 1, a Teflon-coated 
magnetic bar 9 is disposed at the bottom of the beaker 1, and the substrate 41 
having the formed nano gap 46 is positioned over the magnetic bar 9. 

After each of wire cables 5 and 6 is connected to the upper electrode 
45 and the lower electrode 43 formed on the substrate 41, power is applied to 
the wire cables 5 and 6 from a DC/AC power supply 7. A current meter 8 
and an alternating current generator 1 1 are connected to the wire cables 5 and 
6. 

As described above, the substrate 41 having the formed nano gap 46 is 
placed in the beaker 1 containing the dissolved conductive organic molecules 
47 therein. In order to adsorb the conductive organic molecules 47 onto the 
lower electrode 43 and the upper electrode 45 between the nano gap 46, a 
method of adsorbing the conductive organic molecules 47 only in a 
self-organized phenomena without applying an electric field, a method of 
adsorbing the conductive organic molecules 47 by applying the electric field 
between the lower electrode 43 and the upper electrode 45, and the like may 
be used in combination. In case of the former, one end of the conductive 
organic molecule 47 is preferentially adsorbed to the electrode selectively 
according to the type of the electrode. If the one end is chemically adsorbed 
onto one electrode surface, the other end of the molecule is arranged to the 
surface of the other electrode, but at this time, the arrangement direction of the 
molecule may be not vertical to both electrodes 43 and 45. However, in case 
of the latter, because the electric field is applied between the nano gap 46, the 
lower electrode 43 acts as a cathode electrode or an anode electrode and the 



upper electrode 45 acts as the anode electrode or the cathode electrode so that 
the electric field between two electrodes 43 and 45 is applied. The molecules 
move with orientations by the electric field effect. Thus, because 
arrangement of the molecules is adjusted by the electric field, it is possible to 
determme whether either end of the molecule contacts with the upper 
electrode 45 or the lower electrode 43, as well as to form a vertical 
arrangement of the conductive organic molecule 47. 

Preferably, the current can be applied as a direct or alternating current 
according to an adsorption condition of the conductive organic molecule. 
Further, in order to secure adsorption uniformity of the organic molecules, the 
solutipn 2 containing the dissolved conductive organic molecules 47 can be 
stirred by driving the plate 10 while the organic molecules are adsorbed. 
Heat may be applied to the solution 2 by heating the plate 10 according to 
cases. In particular, in case of observing the current flow between two 
electrodes using the current meter 8 after applying the electric field, it is 
possible to monitor whether the conductive organic molecule 47 is adsorbed 
and how much the conductive organic molecule 47 is adsorbed, thereby 
maintaining reproducibility upon fabrication of the conductive organic 
molecular device. 

Fig. 3 is a graph representing current change expected while the 
conductive organic molecules 47 are adsorbed. There is no current flow 
through the upper electrode 45 and the lower electrode 43 because there is no 
medium for flowing the current before the conductive organic molecules 47 
are adsorbed, which indicates a low current value, while when the conductive 
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organic molecules 47 begin to be adsorbed between the upper electrode 45 and 
the lower electrode 43, a channel of the conductive organic molecules 47 is 
formed between the upper electrode 45 and the lower electrode 43, resulting in 
an increased current value. Then, when adsorption reaction of the organic 
molecule 47 is stopped, it indicates a saturation current. 

Fig. 4 shows an example of a circuit configured for evaluating a 
property of the device for which the adsorption of the conductive organic 
molecules 47 has been completed. A wire cable 53 is connected between the 
lower electrode 43 and the upper electrode 45 formed on the insulating film 42, 
and a current flows through the wire cable 53 by mesins of a power supply 52. 
The current flowing through a current meter 51 may be measured or the 
property of the device may be evaluated. Accordingly, a diode property and 
a quantum effect property may be observed according to a type of the 
conductive organic molecules 47. In particular, it is also applicable to a 
large-scale memory device, and a logic circuit device, an analog circuit device 
by implementing the conductive organic molecular device of the nano size. 

Fig. 5A shows a chemical structure of nitro-compound conductive 
organic molecules 47, which is dissolved into a THF (tetrahydrofuran) 
solution, and Fig. 5B shows an arrangement of the conductive organic 
molecule 47 adsorbed onto the upper electrode 45 and the lower electrode 43. 
As shown in Figs. 5A and 5B, one end of the conductive organic molecule 47 
is chemically contacted to the lower electrode 43 and the other end is 
physically contacted to the upper electrode 45. At this time, only if the 
conductive organic molecule 47 is appropriately selected, both ends of the 
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organic molecule 47 can contact chemically. 

Preferably, in order to chemically contact both ends of the conductive 
organic molecule 47 to the upper electrode 45 and the lower electrode 43, the 
nano gap 46 formed in the part at which the upper electrode 45 and the lower 
electrode 43 intersect has to be accurately formed in the same thickness as the 
length of the conductive organic molecule 47. Even when the thickness of 
the nano gap 46 could not be accurately adjusted by the length of the 
conductive organic molecule 47, only if a thickness of the metal or a type of 
the metal thin film is appropriately selected, the upper electrode 45 is bent 
downward due to flexibility or stress of the metal, such that the conductive 
organic thin film 47 contacts with the upper electrode 45. Further, in order to 
improve reliability of the device, if the adsorption of the conductive organic 
thin fihn 47 between the upper electrode 45 and the lower electrode 43 is 
completed, an exterior is passivated by an insulating film such as SiOx, SiNx 
and the like, thereby more closely adhering the upper electrode 45 to the 
organic molecule 47. 

According to the present invention as described above, an air-bridge 
type of the upper electrode is formed over the lower electrode using the 
sacrificial layer and then the gap of approximately several nano meter is 
formed in the part at which the upper electrode and the lower electrode 
intersect by removing the sacrificial layer, and the conductive organic 
molecules are uniformly adsorbed between the upper electrode and the lower 
electrode of the nano gap. Adsorption extent of the conductive organic 
molecule can be easily confirmed by observing the current flowing through 

12 



the upper and lower electrodes while the conductive organic molecules are 
adsorbed, thereby easily improving reproducibility of the process and 
facilitating mass production by adoption of a standardized process. 
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